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I. INTRODUCTION 
There has recently been increasing interest in the pos­
sibilities of growing continuous corn as a more efficient 
method of agriculture on some soils not subject to erosion. 
This interest has been stimulated by the availability of 
relatively cheap sources of nitrogen fertilizers which could, 
theoretically, be substituted for the nitrogen provided through 
legumes. There has also been considerable progress in solving 
some of the other cultural problems of growing continuous corn. 
An example of this is the successful use of chemicals for weed 
and pest control. 
The problem remains, however, to determine if nitrogen 
is the only beneficial factor obtained from the legume in corn 
production on level soils. There is also interest in any ad­
verse effects on the soil itself which might result from con­
tinuous cropping. 
The specific objectives of this study are as follows: 
(a) To determine the amount of nitrogen furnished by a meadow 
crop in a com, oats, meadow rotation. 
(b) To determine if the corn yield response to a meadow crop 
is due solely to the nitrogen furnished by the meadow. 
(c) To evaluate the effect of the two cropping systems (con­
tinuous corn and a corn, oats, meadow rotation) on total 
carbon and nitrogen. 
2 
II. REVIEW OF LITERATURE 
To facilitate an orderly presentation of this review, it 
will be divided into two sections. The first will cover ni­
trogen production from legumes and the second will cover trends 
in soil organic matter accumulation or depletion with differ­
ent cropping systems. 
A. Nitrogen Production from Legumes 
Most of the work in evaluating the nitrogen produced by 
legumes has been done with green manure crops. The common 
procedure has been to weigh both roots and tops and to an­
alyze each for total nitrogen. Some workers have compared 
yields of subsequent crops following the green manure to crops 
fertilized with commercial nitrogen. The literature has been 
extensively reviewed recently by Stickler (47), Fribourg (18), 
and by Rogers and Giddens (36). 
After reviewing the literature, Stickler (47) pointed out 
that dry matter and nitrogen yield of different legumes, when 
harvested in the fall of the seeding year, vary with the 
species, climatic and edaphic conditions, and with methods of 
sampling. He reported that, in general, other workers had 
found biennial sweetclover to contain as much as 150 to 175 
pounds of nitrogen per acre while the nitrogen yields of Hubam 
sweetclover were much less. Alfalfa produced nitrogen yields 
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of from 60 to 100 pounds per acre while red clover and Ladino 
clover yields were from 40 to 80 pounds. He concluded that 
legume nitrogen had been less efficient than inorganic sources 
in increasing crop yields. 
Pribourg (18, 20) concluded that most data indicate bi­
ennial sweetclover will produce 100 to 130 pounds of nitrogen 
per acre in one year's growth. In his own study in Iowa, 
Madrid sweetclover yielded 135 to 150 pounds per acre, alfalfa 
yielded 60 to 120 pounds, Ladino clover between 50 and 110, 
and medium red clover between 35 and 80 pounds per acre. The 
variation was attributed to effects of both location and season. 
When corn yield responses following the growth'of green 
manures were considered, it was concluded that leguminous ni­
trogen was between 65 and 85% as efficient as ammonium nitrate 
in increasing corn yields. 
By analysis of roots and tops of green manures in the fall 
of the seeding year, Stickler and Johnson (48) measured a ni­
trogen yield of 146 pounds from Madrid sweetclover; 80, 75, 
and 55 pounds from Indian, African, and Ranger alfalfa; 51 
pounds from medium red clover; and 36 pounds from Ladino white 
clover. Stickler et. al. (49) reported that the nitrogen produc­
tion of 19 green manures averaged from 74 to 109 pounds in 
four experiments involving two Iowa locations in two different 
years. The nitrogen in legumes was 16 to 92% as effective as 
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inorganic nitrogen for increasing yields. 
One of the most important earlier studies of green 
manures was reported by Willard (55) in 1927 on research done 
in Ohio. He made extensive studies of nitrogen supplied by 
sweetclover and other legumes in relation to time of seeding, 
variable clipping management, and time of plowing. Maximum 
white sweetclover nitrogen yields varied from 140 to 190 
pounds, per acre when left the second year. When sweetclover, 
alfalfa, red clover, and alsike clover were sampled in May 
following the seeding year, little difference in nitrogen was 
found. Total nitrogen yields, in the order named, are as 
follows: 188, 162, 187, and 180 pounds per acre. Willard 
and Barnes (56) reported that the nitrogen fixed by sweet­
clover used as a green manure in a corn, small grain rotation 
was equivalent to 100 pounds of inorganic nitrogen. 
Nitrogen yield of legumes varied considerably in relation 
to date of sampling as reported in the Handbook of Ohio Ex­
periments in Agronomy (33). Nine year average nitrogen yields 
in the fall of the seeding year for sweetclover, alfalfa, and 
red clover were 129, 74, and 74 pounds per acre, respectively. 
In early spring (April 24-May 12) of the year following seed­
ing, the three legumes averaged 115, 108, and 78 pounds per 
acre. By late spring (May 24-June 22) of the same year nitro­
gen yields increased to 155, 136, and 130 pounds per acre. 
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The proportion of nitrogen in roots and tops of the plants 
also varied with time of sampling. In the fall of the seed­
ing year* sweetclover roots yielded much more than the sweet­
clover tops, while alfalfa roots and tops yielded about the 
same, and red clover tops contained twice as much nitrogen as 
their roots. However, in the following spring, the large 
majority of nitrogen was in the tops of all three legumes. 
Rogers and Giddens (36) summarized the effect of green 
manure crops when grown as winter cover crops in the southern 
United States. The crops commonly grown were hairy vetch, 
crimson clover, Austrian peas, and bur clover. They reported 
that these legumes, when plowed under 3 to 4 weeks before 
planting corn, produced as much corn as 50 to 100 pounds of 
commercial nitrogen. Krantz (28) reported that corn following 
Austrian winter peas used as a cover crop in North Carolina 
yielded as well as corn which received 90 pounds of commercial 
nitrogen. He also found that equal yields of corn were pro­
duced with either 180 pounds of commercial nitrogen or with a 
cover crop of Austrian peas plus 90 pounds of commercial ni­
trogen. 
Relatively little work has been done on the evaluation 
of nitrogen production from legumes in longer rotations. Per­
haps this is because of the realization that considerable error 
would be involved in estimating root contribution due to 
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sloughing of root tissues and deeper root systems. More in­
direct methods of measuring contributions of legumes are re­
quired in this case. 
Lipman and Conybeare (29), in arriving at a balance sheet 
for the harvested crop area of the United States, estimated 
that legumes fix an average of 87.6 pounds of nitrogen per 
acre each year. Lyon and Bizzell (30) determined the nitro­
gen fixed by various legumes in New York by analyzing the soil 
at the beginning and end of a 10-year period and by the an­
alysis of each crop. They found that continuous alfalfa gave 
an apparent fixation of 268 pounds of nitrogen per acre per 
year. With continuous small grain crops, annual nonsymbiotic 
fixation amounted to 17 pounds. Assuming that erosion, leach­
ing, and volatilization losses were the same for the two 
cropping systems, this would leave 251 pounds acquired sym-
biotically. The corresponding figures where legumes were 
grown alternating with a small grain were as follows: alsike 
clover, 119; red clover, 129; sweetclover, 146; and alfalfa, 
224. 
Bracken and Larson (8) found that alfalfa fixed an av­
erage of 246 pounds of nitrogen per acre per year at 20 sites 
in Utah. This was based on the nitrogen in the hay plus the 
measured accumulation in the soil. 
Chapman and Liebig (12) studied nitrogen gains and losses 
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after growing legume and nonlegume cover crops in a lysimeter 
installation. Purple vetch fixed an average of 106 pounds 
per acre over a 10-year period. High rates of nitrogen fer­
tilizer reduced the amount fixed. When annual applications 
of cereal straw, without additional fertilizer nitrogen, were 
added in place of the cover crops, an average gain of 11 
pounds per acre was found. They concluded that where organic 
matter of low nitrogen content is added to a soil also low in 
nitrogen, nonsymbiotic nitrogen fixation is sufficient to 
more than counterbalance any loss which may occur, showing a 
net gain in the nitrogen balance sheet. 
Carter (11) studied the effectiveness of inorganic ni­
trogen as a replacement for legumes grown in association with 
forage grasses in Iowa. He found that it took about 200 
pounds per acre of fertilizer nitrogen on pure grass stands 
to produce as much dry matter and nitrogen as could be pro­
duced by an unfertilized grass-alfalfa mixture. 
Shrader* calculated the amount of nitrogen contributed 
by legumes in two rotations on the Agronomy Farm at Ames, love. 
Where surface soil of plots originally contained 3000 pounds 
of nitrogen per acre at the beginning of a 36 year period, 
^Dr. W. D. Shrader. Estimation of nitrogen contribution 
of meadow crops. Unpublished data. Iowa Agr. Exp. Sta. 
Private communication. 1960. 
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each year of meadow in a corn, oats, meadow rotation contribu­
ted 99 pounds of nitrogen. Each year of meadow in a corn, 
corn, oats, meadow, meadow rotation yielded an average of 125 
pounds. These figures do not include the nitrogen in the hay 
which was removed. In all cropping systems, the nitrogen 
balance appeared to depend on the original soil nitrogen level. 
For example, where the cropping system included no meadow, 
there was loss from the system if the original nitrogen values 
were greater than 3014 pounds per acre, and a gain if the 
values were as low as 2800 pounds. 
In conclusion, it seems feasible that a legume crop left 
growing the seeding year, plus one year for hay, could fix 
more than 200 pounds of nitrogen per acre. Removal of 2j 
tons of hay at 2% nitrogen would reduce the amount by 100 
pounds. Therefore, the amount of nitrogen left in roots and 
stubble residues could easily exceed 100 pounds per acre. 
B. Trends in Soil Organic Matter Accumula­
tion or Depletion with Different Cropping Systems 
Most of the published studies concerned with organic 
matter levels under different cropping systems were conducted 
using little or no additional nitrogen from sources other 
than legumes. The main exception was where manure was added. 
Therefore, where comparisons are made between rotations in­
cluding legumes and continuous cropping systems, this fact 
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must be kept in mind. 
Salter and Green (38) estimated the effect of cropping 
on the nitrogen percentage of soils in Ohio. Annual changes 
in percent nitrogen given for different crops were as follows: 
corn, -2.97; wheat, -1.56; oats, -1.45; legume-grass hay in 
a 5-year rotation (predominately timothy), +0.64; hay in a 
3-year rotation, +2.87. The 5-year rotation, consisting of 
corn, oats, wheat, clover, and timothy, was started in 1894 
and the 3-year rotation of corn, wheat, and clover was started 
in 1897. The greatest losses of both nitrogen and organic 
carbon were found with continuous corn, followed in order by 
continuous wheat, continuous oats, the 5-year rotation, and 
the 3-year rotation. 
Jenny (26) found that 60 years of cultivation reduced 
the original organic matter content of Putnam silt loam in 
Missouri by 38%. After 40 years of cropping on a somewhat 
similar soil at the Sanborn Experiment Field, continuous corn 
plots contained 1,840 pounds of nitrogen per acre in the 0-
to 8-inch layer as compared to an average of 2,783 pounds for 
plots in rotations including legumes. Where manure had been 
added to the rotation plots, they contained 3,864 pounds of 
nitrogen per acre. Smith (42) also reported on the Sanborn 
Field experiments after they had existed for 50 years. Av­
erage corn yields in a corn, wheat, clover rotation were 32 
bushels where manure was not applied and 47 bushels with six 
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tons of manure annually. Continuous corn yielded 19 bushels 
with no treatment and 33 bushels with the manure treatment. 
The nitrogen content of the soil layer at the end of the 50-
year period was 1500 pounds per acre where continuous corn 
had been grown with no manure, and 2480 pounds with manure. 
Similar values for the 3 year rotation were 1970 and 3010 
pounds. The relatively low level of nitrogen in the rotation 
where no manure had been applied was explained by meadow 
failures due to low fertility. Woodruff (57) later reported 
that surface soil nitrogen on these low fertility continuous 
corn plots decreased from 3400 pounds in 1888 to 1410 pounds 
in 1948. The decrease during the last 33 years was only 390 
pounds. He evaluated the average annual delivery of nitrogen 
from the soil to the crop as a function of the amount of ni­
trogen in the soil and of the kind of crop. The average an­
nual rate of delivery of nitrogen was 2% for corn, 1% for 
small grain, and 0.75% for a crop of non-leguminous meadow. 
A 1.75-ton crop of red clover contributed through the stubble 
residue about 38 pounds of nitrogen for the following corn 
crop. 
Peevy, et al. (34) reported soil nitrogen loss from a 
Clarion loam in Iowa where a corn, oats rotation and a corn, 
oats, meadow rotation were compared. The average loss of 
nitrogen over the 1917-37 period was 21.5% for the 2-year 
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rotation and 13.4% with the 3-year rotation. Bartholomew, 
et al. (4) studied this same experiment after 37 years of 
cultivation. The largest nitrogen declines were associated 
with continuous corn followed in the order of decreasing 
change by the 2-year rotation of corn and oats, the 5-year 
rotation with two years of meadow, and the 3-year rotation 
with one year of meadow. The application of manure equivalent 
to two tons per acre per year, reduced the decline in organic 
nitrogen in all cropping systems. However, manure made a 
greater contribution to organic nitrogen maintenance in con­
tinuous corn and in the corn, oats rotation than in cropping 
systems containing legumes. 
Johnston, ejc aJL (27) followed the organic matter trends 
under different cropping systems on Marshall silt loam in 
Iowa. Under continuous corn the organic matter content of 
the surface 6-inch layer decreased from 3.39% in 1931 to 2.86% 
in 1942. There was no significant change in organic matter 
content under a rotation of corn, oats, and meadow. The dif­
ference between cropping systems was attributed in part to 
the difference in erosion. Average annual soil loss for the 
continuous corn was 39 tons as compared to 10 tons for the ro­
tation. Slater and Carleton (41), in working with these same 
soils and those at Bethany, Missouri, found the depletion of 
organic matter appeared to be a linear function of erosion. 
They concluded that many reported depletions of organic matter, 
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formerly attributed to oxidation, may have been erosional ef­
fects. However, Van Bavel and Schaller (52) showed how crop 
management itself is also a factor when they obtained an in­
crease in organic matter on a desurfaced Marshall soil when 
using a .rotation. 
Workers at Illinois (31, 45, 46) showed that lime, manure, 
and rock phosphate helped to maintain organic matter at a 
significantly higher level than no treatment. One of the lo­
cations involved was the Morrow Plots where the unfertilized 
continuous corn plots had the lowest total carbon and the 
fertilized plots in a corn, oats, clover rotation were the 
highest. 
According to Haynes and Thatcher (22), nitrogen levels 
of a Wooster silt loam in Ohio were maintained where rotations 
with legumes were used. Where continuous corn was grown, ni­
trogen levels dropped from 2,325 pounds in 1915 to 1530 
pounds in 1936 and to 1402 pounds in 1950. Manure was applied 
at the rate of 2 tons per acre until 1936 and all stalks were 
removed. Yields of continuous corn averaged 23 bushels for 
the entire period. Other rotations, which included legumes, 
averaged greater than 60 bushels per acre. 
Dodge and Jones (14) studied the effect of long-time 
fertility treatments on nitrogen and carbon content of plots 
at Manhattan, Kansas. They concluded that the fertility 
13 
treatments and cropping systems had only a slight influence 
on the trend of either nitrogen or carbon, but may have an 
influence on the speed at which equilibrium is reached as 
well as the ultimate level. The cropping systems included a 
16-year rotation (4 years of alfalfa plus 12 years of corn, 
corn, and wheat); a 3-year rotation of corn, cowpeas, and 
wheat; and continuous wheat. The fertility treatments were 
designed to supply the plant nutrients removed by the crop. 
Average yearly applications of nitrogen for the various rota­
tions varied from 12 to 20 pounds per acre. Other workers 
in Kansas (23, 24) reported organic matter trends under va­
rious cropping systems, however little or no nitrogen fer­
tilizer was used. 
Allison (3) reviewed the results of lysimeter studies 
and concluded that the nitrogen content of most soils de­
creased regardless of how much was added as fertilizer unless 
the soil was kept in uncultivated crops. Apparently the crop 
residues were seldom returned, and corn was not included in 
any of the studies reported. Another interesting conclusion 
was that crops commonly recover only 40 to 75% of the nitro­
gen added or made available from the soil. 
During 70 years of cultivation, Blackland clay soils of 
Texas have lost 50% or more of their surface organic matter, 
according to Smith ejt al. (43). With continuous row cropping 
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and with annual organic matter declines averaging 1.5% of 
that in the plow layer, they predict an absolute equilibrium 
level of 1.33% organic matter. They suggest that with 60 
pounds per acre of extra nitrogen annually, and minimum culti­
vation, a level of 2% organic matter might be maintained, 
with corn yields of 50 bushels per acre. 
A slight upward trend in soil nitrogen for rotations 
with and without legumes was shown by Holley £t al. (25). 
Apparently the 36 pounds of commercial nitrogen applied an­
nually per acre to the crops in the nonlegume rotations in­
cluded in this study were sufficient to maintain as much 
soil nitrogen as the use of Austrian peas when used as a 
catch crop. The work was done on a Cecil sandy loam in 
Georgia from 1935 to 1940. 
The levels of carbon and nitrogen of an Alabama soil (13) 
were maintained about constant over an 18-year period where 
either mineral nitrogen or green manure was added to a 2-year 
rotation of corn and cotton. Annual applications of barnyard 
manure of 5 tons per acre increased carbon by 33% and nitro­
gen by 62%. A decrease of about 70% of the original levels 
of both occurred in unfertilized plots. The mineral nitrogen 
was applied at the rate of 52 pounds per acre per year and 
vetch was plowed under each spring as the green manure crop. 
Praps et al. (17) conducted a study on the effect of 
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fertilizers added in varying quantities to a Texas soil in a 
corn, cotton rotation. The average percentage of nitrogen in 
the surface soils of the plots which received totals of 0, 
128, 256, 320, 512, and 640 pounds of nitrogen during the 8-
year period, were 0.128, 0.142, 0.146, 0.154, 0.147, and 
0.139%, respectively. Although there appeared to be a trend 
toward increasing soil nitrogen with increasing rates of fer­
tilizer nitrogen, none of the average increases were statis­
tically significant. 
Most of the work reported has been conducted with little 
or no nitrogen fertilizer applied. Nevertheless, the last 
three articles discussed work where rather moderate nitrogen 
rates were applied to row crops with the effect of either 
maintaining or increasing the organic matter level of the soil. 
Allison (2) explains such increases as due to the increased 
crop yields and resulting larger crop residues available for 
humus formation. Others, such as Salter (37), Millar ejt al. 
(32), Turk and Millar (50), Albrecht (1), and Melsted (31) 
have indicated that added nitrogen tends to stabilize carbon 
in the decomposition of residues, thereby increasing organic 
matter. However, Pinck et al. (35) found that the nitrogen 
additions merely accelerate the decay processes and that in 
situations where nitrogen is deficient there is no excessive 
loss of CO^. On the contrary, the plant materials tend to 
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remain in a partly decomposed state. They emphasized that 
the percent of added carbon left in the soil after an extended 
period of decomposition is determined primarily by the re­
sistance to decomposition of the material added and not by 
their carbon-nitrogen ratio. 
Another aspect of the problem of organic matter accumu­
lation in soils was brought out by Broadbent and Norman (10) 
when they found additions of Sudan grass greatly accelerated 
decomposition of soil organic matter. This was reported 
again by Broadbent (9) and by Hallam and Bartholomew (21). 
The latter found this phenomenon to occur with young succulent 
corn and soybean plants. The greatest total stimulation oc­
curred when the high rates of residues, 10 to 50 tons per 
acre, were applied. However, per unit of residue added, the 
smallest applications, or 2.5 tons per acre, were far more 
effective in stimulation. 
High yields of continuous corn have been maintained in 
Iowa by using relatively heavy fertilization rates. Shrader 
et al. (40) reported yields of continuous corn as a percentage 
of rotation corn for six locations in Iowa for the 1953-58 
period. The percentage ranged from 81 to 110 and averaged 
98. In another experiment located on the Agronomy Farm near 
Ames, continuous corn has been grown since 1915. When ade­
quate fertilization was started in 1952, yields on these plots 
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rose to levels as high as rotation corn. 
Although high yields under a well fertilized continuous 
cropping system have been demonstrated, little information is 
available about the effect on the total nitrogen and organic 
carbon of the soil. Most of the available data on organic 
matter trends under continuous cropping is from experiments 
using little or no nitrogen fertilizer. These experiments 
show that the levels are much lower than under a cropping 
system including legumes. A few experiments were reported 
where very moderate rates of fertilizer nitrogen were ap­
plied. In these instances, organic matter levels were either 
maintained or possibly increased. 
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III. METHOD OF PROCEDURE 
A. Field Procedures 
1. Location and design of field experiment 
The field experiment was initiated in 1952 on the South­
ern Iowa Experimental Farm located near Bloomfield in south­
eastern Iowa. The farm had been in continuous soybeans for 
more than 2 decades prior to its purchase as an experimental 
area. There is no record of any fertility treatments added 
during that time. The soil, Edina silt loam, is a Planosol 
formed from loess under grass on flat upland divides. Ac­
cording to Simonson jet ad. (39, p. 92), these soils are marked 
by distinct light to medium gray A2 horizons and dark olive 
mottled, sticky B horizons. They are moderately fertile, 
are poorly drained because of flat topography and tight B 
horizons, and are free from stones. 
* 
This experiment is one of the first experiments estab­
lished on the Southern Iowa Experimental Farm and is consid­
ered one of the "long-time" experiments. It was laid out 
with three replications, each replication containing a level 
area and a bedded area. The bedded areas, originally in­
cluded as a drainage treatment, are disregarded in this study. 
The design of the level part of the experiment is shown in 
Figure 1. Each replicate was divided into five columns, 20 
feet wide and 200 feet long, which were randomly divided 
Figure 1. Diagram of the undrained portion of the Legume 
Nitrogen, Fertilizer Nitrogen Experiment at the 
Southern Iowa Experimental Farm near Bloomfield 
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among two cropping systems. Each column was divided into 
sub-plots, 20 feet wide and 50 feet long, for different fer­
tility treatments. 
The cropping systems, considered as whole plot treatments 
are a 3-year rotation of corn, oats, and meadow and continu­
ous corn. Fertility treatments applied to sub-plots within 
the rotations are shown in Table 1. The sub-plots in the 3-
year rotation columns and one column of plots in continuous 
corn, receive treatments 1 through 4 which are a factorial 
design with nitrogen and phosphorus variables. The remain­
ing continuous corn column receives fertility treatments 5 
through 8, a geometric increase in nitrogen application with 
other nutrients held constant. 
2. Sampling procedure 
Detailed crop management information for the 1952-59 
period is given in Table 17 of the Appendix. Only the addi­
tional procedures followed in 1957 and 1958 will be discussed 
in any detail in this section of the report. 
Each plot contained six rows of corn, 40 inches apart 
and 50 feet long. One row on each outside edge of a plot was 
considered a border row and the next row on each side was 
used for plant sampling at different times throughout the 
season. The center two rows were harvested to determine corn 
yield. 
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Table 1. Fertilizer 
annually 
nutrients, in pounds per acre, applied 
Treatment 3-year rotation8 
number Corn13 Oats Continuous corn 
N + I*2®5 + K20 N +P205 + K20 N + P205 + K20 
1 0+20+20 0+40+40 0+20+20 
2 30+20+20 0+40+40 30+20+20 
3 0+80+20 0+160+40 0+80+20 
4 30+80+20 0+160+40 30+80+20 
5 30+80+20 
6 60+80+20 
7 120+80+20 
8 240+80+20 
aNo fertilizer was applied directly to meadow crops. 
^All corn received 0+20+20 per acre as row fertilizer. 
Any additional application was broadcast and plowed under. 
Plant samples were taken in late June, early August and 
late September of each year. From 6 to 8 plants were se­
lected at random from the specified rows for each sampling 
date. Corn leaf samples were collected at silking time each 
year. The seventh leaf, the one just below and opposite the 
main ear, was taken from approximately 20 stalks per plot. 
A sample of the grain from each plot was also saved for 
chemical analysis. 
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The soils of selected treatments were sampled for mois­
ture, nitrates, and residual nitrogen studies. Treatment 3, 
5, 6, 7, and 8 on the continuous corn and treatment 3 and 4 
of the rotation corn were sampled. All soil sampling was done 
in 6-inch increments. 
Soil moisture samples were taken in May, July, August, 
and September of 1957 and May and September of 1958. The 
September 1958 samples were taken to a depth of 6 feet and 
the others to 5 feet. Each 6-inch core of the spring and 
fall sampling dates was divided between a soil moisture 
sample and a -sample for initial nitrate determination. The 
July, 1957 samples were divided for soil moisture and wilting 
point determinations. The sampling area of each plot ex­
cluded a 40-inch border on all sides. Six holes were made at 
random within the sampling area of each plot, thus each sample 
was a composite from six locations. This sampling was done 
with Veihmeyer and other sampling tubes, all of which sampled 
a core of soil measuring 3/4 inch in diameter. 
Soil samples for residual nitrogen studies in the green­
house and laboratory were taken in the fall of each year to a 
depth of 2 feet. In 1957 they were taken by digging two nar­
row trenches in each plot across the space between the two 
center rows of corn. They were spaced about 13-f feet from 
opposite ends of each plot. The trenches were approximately 
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8 inches wide, 40 inches long, and 24 inches deep. The soil 
samples were taken from the side of the trenches after they 
were dug, again by 6-inch increments. In 1958 the samples 
were taken in a different way. A l^-inch diameter sampling 
tube was used, randomly taking 18 cores from the sampling area 
of each plot. This amounted to about 10 pounds of moist soil 
for each 6-inch depth of each plot. Extra soil was desired 
from continuous corn plots with treatment 3. An additional 
25 pounds of moist soil was taken from each depth of these 
plots with a small post hole auger. This required sampling 
at five additional locations per plot. 
B. Greenhouse Experiment 
Soil samples collected for determining residual nitrogen 
in the greenhouse were air dried, passed through ^-inch mesh 
screen, and stored until March of 1959 when the greenhouse 
experiment was initiated. Each fertility treatment of each 
field replication was also replicated three times in the green­
house. Thus, there were nine total replications of each treat­
ment. 
Since a combined estimate of the residual nitrogen of a 
plot was desired, samples from the different depths of a plot 
were added together in amounts proportional to the bulk den­
sity. Bulk density determinations* for the surface and suc-
^Neilson, Donald R., Davis, California. Bulk density 
values. Private communication. 1957. 
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cessively deeper 6-inch increments to the 24 inch level are 
as follows: 1.17, 1.36, 1.36, and 1.33. The corresponding 
number of grams of dry soil added to give a composite total 
of 4 pounds were as follows, in the order of increasing 
depth: 407.0, 473.1, 473.1, and 462.7. Four pounds of dry 
sand and 1.318 grams of potassium phosphate (KHgPO^) were 
added to the soil from each plot and then mixed in a mechani­
cal mixer for 2 minutes. The soil-sand mixture was then placed 
in number 10 cans lined with polyethylene plastic bags. 
It was mentioned that, in 1958, extra soil was collected 
from the continuous corn plots with treatment 3. These are 
the plots receiving no nitrogen. This was done to enable the 
adoption of a method for determining residual nitrogen in 
soils reported by White, ejt al. (53). This method involves 
the addition of different rates of nitrogen to check plot 
soils in order to establish a linear nutrient uptake function 
to determine the residual values of field treatments. Thus, 
four extra cans of the continuous corn check plot soils were 
included in each of the nine replications of the 1958 experi­
ment. The rates of nitrogen added to these cans were 50, 100, 
150, and 200 milligrams of nitrogen, added as calcium nitrate 
with the first watering. 
The cans of soil were planted to Craigs-afterlea oats. 
This variety was chosen because it contained a higher amount 
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of nitrogen in vegetative tissue than any other in an experi­
ment by Wiggans and Prey (54). Twenty five seeds were planted 
in each can and after the seedlings emerged they were thinned 
back to 16. The plants were allowed to grow until all field 
treatments showed extreme nitrogen deficiency. They were 
harvested after 56 days, dried, weighed, and ground for 
chemical analysis. 
C. Laboratory Analysis 
Soil moisture was determined after drying the samples at 
105° to 110° Centigrade for 48 hours. To enable calculating 
available moisture, wilting points were determined on soil 
samples ground to pass a 2-millimeter sieve. A pressure mem­
brane apparatus was used with a pressure of 15 atmospheres. 
Initial nitrate and nitrifiable nitrogen determinations 
were made by the Soil Testing Lagoratory, Iowa State Uni­
versity, Ames, Iowa, using the method described by Stanford 
and Hanway (44). However, in the case of nitrifiable nitro­
gen, the two week incubation period was repeated several 
times with the same sample in order to determine residual 
nitrogen on the various treatments. The samples were leached 
with water between each incubation period, and the nitrates 
determined. This repeated incubation and leaching process 
was continued until nitrogen yields were similar for all 
treatments. The process was continued 10 weeks for the 1957 
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samples and 8 weeks for the 1958 samples. The samples re­
ferred to were subsamples of those in the greenhouse study. 
Total nitrogen and carbon analyses were run on rotation 
corn treatments 3 and 4 sampled in 1957 and 1958, continuous 
corn treatments 3, 5, 6, 7, and 8 sampled in 1958, and samples 
from the continuous corn treatment 3 collected in the fall of 
1953. The analysis for total nitrogen was run on samples 
taken to a depth of 2 feet, and total carbon was run on 
samples taken to a depth of 1 foot. All samples were taken 
by 6 inch increments. 
Total soil nitrogen was determined by the Kjeldahl pro­
cedure outlined by Black (6). A 10-gram sample was used and 
salicylic acid was added to insure the inclusion of nitrate 
nitrogen in the total nitrogen value. The ammonia was dis­
tilled over into boric acid and titrated with .0252 normal 
sulfuric acid, using a methyl red-methylene blue indicator. 
Total carbon content was determined by the dry combustion 
method outlined by Black (7). It was assumed that the total 
carbon values were essentially that of organic carbon. 
All samples of plant material from the field and green­
house were analyzed for nitrogen, phosphorus and potassium 
in the laboratory.* 
*These samples were analyzed under the direction of Dr. 
J. J. Hanway using procedures modified by him. For a detailed 
description of the procedures, refei to Ericson (16). 
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IV. RESULTS AND DISCUSSION 
A. The Field Experiment 
Average corn yields for the 1954-59 period are shown in 
Figure 2, where they are plotted against the nitrogen applied. 
The 2 years prior to that period were omitted because of the 
delay in the establishment of legumes in the corn, oats, 
meadow rotation. Continuous corn yields, where high rates 
of nitrogen were applied, have averaged higher than the rota­
tion corn. The maximum average continuous corn yield, calcu­
lated by use of a regression equation, was 103 bushels and 
was obtained with 186 pounds of nitrogen applied annually. 
Rotation corn with no additional fertilizer nitrogen has 
yielded 88.2 bushels ; similar to continuous corn with 89 
pounds of nitrogen. Rotation corn with 30 pounds of fer­
tilizer nitrogen has yielded 93.4 bushels; similar to con­
tinuous corn yields with 108 pounds of nitrogen added. 
Corn yields for 1957 and 1958, the 2 years primarily 
involved in this study, are shown plotted in Figures 3 and 4 
and are also listed in Table 2. The table contains actual 
yields obtained for each treatment and adjusted yields in the 
case of continuous corn. Since the two continuous corn col­
umns of each replication contain a common fertility treatment 
(treatments 4 and 5), this adjustment to remove error between 
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Figure 2. Average corn yields for the 1954-59 period vs. 
nitrogen applied (regression equation for con­
tinuous corn only) 
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Table 2. Corn yields comparing rotation and continuous corn 
Treatment 1957 1958 
Actual Adjusted* Actual Adjusted 
Column A - rotation corn 
1 122.4 63.2 
2 116.3 81.2 
3 116.8 70.5 
4 121.9 98.6 
Column B - continuous corn 
1 61.4 68.2 23.1 42.2 
2 80.6 87.3 28.4 47.5 
3 64.7 71.4 21.1 40.2 
4 80.6 29.6 
87.3 48.7 
Column C - continuous corn 
5 94.1 67.8 
6 104.6 97.8 91.9 72.8 
7 110.1 103.3 136.0 116.9 
8 105.2 98.4 143.9 124.8 
^The continuous corn yields were adjusted to remove 
column effect. This was possible due to a common treatment 
among columns. 
L.S.D. 5% level: 
1957 actual yields: within column comparisons, 13.1 
bu.; AB or AC comparisons, 17.0 
bu. 
1957 adjusted yield: BC comparisons, 18.5 bu. 
1958 actual yields: within column comparisons, 22.0 
bu.; AB or AC comparisons, 25.1 
bu. 
1958 adjusted yield: BC comparisons, 31.1 bu. 
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columns was possible. The continuous corn yields used in 
Figures 2, 3, and 4 are the adjusted values. 
In comparing Figures 3 and 4, it is obvious that there 
was a large difference between the two seasons. In 1957, ro­
tation corn yields surpassed all of the continuous corn 
yields. Rotation corn with no nitrogen fertilizer yielded 
117 bushels and the maximum continuous corn yield was calcu­
lated to be 108 bushels, obtained with 156 pounds of fertili­
zer nitrogen. Yet, in 1958, rotation corn with 0 and 30 
pounds of additional nitrogen was equivalent to continuous 
corn with only 48 and 96 pounds of added nitrogen, respec­
tively. The 1958 rotation corn with no nitrogen fertilizer 
yielded 71 bushels, whereas the maximum calculated continuous 
corn yield was 128 bushels, obtained with 215 pounds of fer­
tilizer nitrogen. This difference in season was primarily a 
difference in soil moisture reserves and rainfall. Available 
soil moisture determinations for both seasons are given in 
Table 3. The rotation corn in 1957 had approximately 2 inches 
more available soil moisture in May than treatments 7 and 8 of 
continuous corn. By the end of the season there was no dif­
ference in soil moisture, indicating more moisture utiliza­
tion by the rotation corn. The low soil moisture readings 
for September, 1957, reflect the low amount of rainfall for 
the season which was 15.2 inches. In contrast, the May, 1958 
soil moisture levels were nearly at field capacity and were 
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Figure 3. Corn yields for 1957 vs. nitrogen applied (re­
gression equation for continuous corn only) 
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Figure 4. Corn yields for 1958 vs. nitrogen applied (re­
gression equation for continuous corn only) 
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Table 3. Inches of available water in 5 feet of soil 
1957 1958 
Treatment May July Aug. Sept. May Sept. 
Rotation corn 
3 6.71 6.95 4.25 1.82 8.82 10.12 
4 6.53 6.61 4.53 1.88 9.17 11.09 
Continuous corn 
3 6.38 7.39 5.69 4.17 8.65 9.89 
5 5.17 6.91 4.15 2.17 8.49 9.70 
6 5.07 6.28 4.75 2.13 8.78 10.05 
7 4.34 6.09 4.14 1.88 8.45 9.67 
8 4.96 5.92 3.76 1.81 8.46 9.34 
D. 0.82 1.01 1.89 0.59 0.80 1.53 
5% level 
even higher at the end of the season. The rainfall for the 
1958 season was 28.4 inches, with 11.5 inches falling during 
the month of July. The soils were extremely wet from early 
July until the end of August. 
All crop yields for each year are listed in Tables, 18, 
19, 20, and 21 of the Appendix. It is of interest to note 
the 1956 and 1957 hay yields, which are the crops preceeding 
the 1957 and 1958 rotation corn. The two cuttings of hay 
yielded approximately 1 ton per acre in 1956 and 2.5 tons in 
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1957. Again, the difference was due to moisture. Rainfall 
from April through July of 1956 was only 6.5 inches. For 
the corresponding period in 1957, 15.8 inches of rain fell. 
There is a question of how the rotation corn yields 
following hay production of 1 ton could exceed, by such a 
margin, the 1958 corn yields where 2.5 tons of hay had been 
grown. One explanation is that the June and July hay yields 
may not accurately reflect the nitrogen fixed by the legumes 
since they were not plowed under until May of the following 
year. Another explanation is that the soil moisture condi­
tions were quite favorable for release of nitrogen from legume 
residues in 1957 and very unfavorable, due to extreme wetness, 
in 1958. 
The variation of the soil moisture conditions during the 
1957-58 period had a pronounced effect upon the corn yields. 
The 1957 continuous corn yields, with high nitrogen applica­
tions, apparently were depressed due to lack of moisture. 
In contrast, the 1958 yields of rotation corn were depressed 
due, apparently, to a shortage of available nitrogen as a re­
sult of excessive moisture and resultant poor oxidation condi­
tions. Where large amounts of fertilizer nitrogen were ap­
plied to continuous corn in 1958, high yields were obtained 
regardless of the excessively wet conditions. 
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B. The Determination of Nitrogen Supplied by Treatments 
One of the objectives of this study was to estimate the 
amount of nitrogen furnished by the meadow crop. It was as­
sumed that a measurement of nitrogen uptake in the plant, in 
addition to a measurement of the residual nitrogen in the soil 
at the end of the season, would give a gross estimate of ni­
trogen supplied to the rotation corn. It was also assumed 
that by subtracting from these estimates similar values for 
the continuous corn check plots (treatment 3), a net estimate 
of nitrogen provided by the legume would be obtained. 
The nitrogen uptake in the plant was determined in two 
separate analyses. Yields and nitrogen analyses were deter­
mined for both the corn stover and grain. The residual ni­
trogen left in the soil in the fall of each year was then de­
termined by two separate methods. One method involved re­
peated incubation and leaching of soil samples, taken by 6-
inch increments from the 0- to 2-foot layer, to obtain the 
nitrifiable nitrogen. The other method was by growing an oat 
crop in the greenhouse on soils taken from the same depths. 
In addition, the amount of initial nitrates found in the soil 
profile at the end of each season was included as part of the 
residual nitrogen in each case. Separate initial nitrate 
analyses were available in the incubation and leaching pro­
cedure for the 0- to 2-foot layer as well as the deeper layers. 
However, in the case of the greenhouse procedure where separate 
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samples were used, the initial nitrates were not extracted 
prior to planting the oat crop. Therefore, it was assumed 
that the residual nitrogen measured with the oat crop, also 
included the initial nitrates in those soils at the time of 
planting the oats. Consequently, only the measurements of 
initial nitrate nitrogen at a depth greater than 2 feet were 
added to the residual nitrogen determined by the greenhouse 
procedure. 
For clarification, the procedure may be explained by the 
following formula: 
Legume nitrogen = (P - C) + (R - C) + (I - C) 
where P is the nitrogen in the plant, R is the residual ni­
trogen at the end of the season determined by either of the 
two procedures, I is the initial nitrate nitrogen from the 
soil profile at the end of the season, and C is the corres­
ponding value for the continuous corn check plot. As a check 
on the accuracy, and also for later use in comparing effi­
ciency of nitrogen sources, the same procedure was used on 
the continuous corn to estimate the nitrogen applied. However, 
in this case, an accumulation or carry-over of nitrates from 
previous applications of fertilizer was evident. Therefore, 
the initial nitrates found at the beginning of each season, 
in excess of that in the check plots, were subtracted from 
the above equation in estimating the nitrogen applied to con­
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tinuous corn. 
Initial nitrates found in the soil profile at the begin­
ning and end of each season are given in Table 4. The ni­
trates found under rotation corn differed very little from 
those found in the continuous corn check plots (treatment 3). 
Appreciable amounts were found where continuous corn received 
120 or 240 pounds of nitrogen per acre annually (treatments 
7 and 8). The values for the high nitrogen treatments indi­
cate there was an increase in nitrate nitrogen in soils of 
these plots from 1957 to 1958. Figures 5 and 6 show the ni­
trate distribution in the soil profile at the different 
sampling dates. Figure 5 shows the distribution for treat­
ment 7 which indicates a downward movement from 1957 to 1958. 
Figure 6 indicates a similar movement for treatment 8. 
The nitrogen removed in the stover and grain is shown in 
Table 5 for each year studied. In nearly all cases the grain 
contained more nitrogen tnan the stover. One exception was 
tne continuous corn check treatment in 1958. 
The nitrifiable nitrogen found in soils sampled in Sep­
tember, 1957 to a depth of 2 feet is shown in Table 6. The 
amount of nitrogen nitrified in each 2-week incubation period 
is shown for each treatment in addition to the total for all 
periods. In periods 1, 2, and 3, all treatments which had 
tne benefit of nitrogen from fertilizer or a legume were re-
39 
Table 4. Initial nitrate nitrogen, in pounds per acre, found 
in the soil profile at different sampling dates3 
Rotation corn Continuous corn 
Field treatments treatments 
ReP* 3 4 3 5 6 7 8 
May, 1957 
I 17.0 12.2 15.0 22.4 10.9 29.9 351.6 
II 9.5 9.5 10.9 20.4 17.0 85.0 360.4 
III 18.4 - 16.3 15.6 10.2 16.3 40.1 318.9 
Av. 15.0 12.7 13.8 17.7 14.7 51.7 343.6 
Sept. , 1957 
I 10.2 13.6 10.7 8.2 10.2 36.4 365.0 
II 17.0 12.2 7.5 10.9 17.0 54.7 303.3 
III 12.6 22.4 8.8 10.9 14.6 46.6 358.4 
Av. 13.3 16.1 9.0 10.0 13.9 45.9 342.2 
Way, 1958 
I 6.8 6.8 6.8 10.2 15.0 30.6 450.2 
II 10.2 10.2 16.3 6.8 8.2 74.1 396.4 
III 14.3 13.6 15.0 12.9 27.9 63.2 391.0 
Av. 10.4 10.2 12.7 10.0 17.0 56.0 412.5 
Sept. , 1958 
I 15.2 12.2 12.7 13.1 20.2 33.0 362.4 
II 23.8 15.6 10.9 11.8 15.2 59.4 400.5 
III 17.2 17.7 13.4 11.8 30.1 50.3 461.4 
Av. 18.8 15.2 12.2 12.2 21.8 47.6 408.1 
^The data for September, 1958 include analysis of samples 
from 0-6 feet in depth; the other data are for a depth of 0-5 
feet. 
Figure 5. Nitrate nitrogen accumulation in the soil profile for the 120 pound per 
acre nitrogen treatment on continuous corn 
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Figure 6. Nitrate nitrogen accumulation in the soil profile for the 240 pound per 
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Table 5. Pounds of nitrogen per acre in 1957 and 1958 stover 
and grain 
Rotation corn Continuous corn 
Field treatments treatments 
reP* 3 4 3 5 6 7 
1957 stover 
I 87.4 64.3 9.3 35.8 13.9 90.7 74.0 
II 39.1 92.2 14.8 45.5 80.4 94.2 95.1 
III 79.1 56.8 5.0 30.1 48.0 71.9 102.6 
Av. 68.5 71.1 9.7 37.1 47.7 85.6 90.6 
1957 grain 
I 94.5 98.2 31.3 70.2 67.0 89.9 86.5 
II 98.8 106.9 58.0 67.6 101.1 91.8 115.6 
III 104.5 116.2 34.2 66.4 91.4 108.5 95.6 
Av. 99.3 107.1 41.2 68.1 86.5 96.7 99.2 
1958 stover 
I 32.4 38.1 13.0 37.7 44.0 92.7 73.1 
II 34.2 40.4 34.0 38.4 55.7 79.1 103.0 
III 25.5 35.7 25.5 41.8 46.0 50.1 80.2 
Av. 30.7 38.1 24.2 39.3 48.6 74.0 85.4 
1958 grain 
I 59.8 56.4 10.6 38.2 53.6 121.4 114.4 
II 43.3 67.7 25.9 43.3 68.5 109.8 125.2 
III 38.5 70.0 11.3 37.4 46.0 86.2 125.7 
Av. 47.2 64.7 15.9 39.6 56.0 105.8 121.8 
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Table 6. Nitrifiable nitrogen, in pounds per acre, from 
soils sampled in September, 1957 to a depth of 
2 feet 
Rotation corn Continuous corn 
Incubation Field treatments treatments 
period rep. 4 5 5 6 7 8 
1 I 117. -6 95. ,9 65. ,3 66. .6 79. A 79. ,8 117. 0 
II 107. ,6 95. ,2 67. ,3 82. ,3 112. 9 104. ,4 162. ,5 
III 90, ,4 95. ,4 67. ,1 76. ,2 80. ,9 122. ,9 138. 0 
Av. 105. ,2 95. ,5 66. .6 75. ,0 91. ,1 102. ,4 139. ,2 
2 I 108. 1 64. ,6 69. ,0 77. ,5 80. 9 89. ,5 74, ,8 
II 85. ,7 79. ,8 79. ,8 77. ,3 78. ,2 110. ,2 144, .2 
III 97. ,4 83. ,6 53. ,7 87. ,2 86. ,4 64. .8 70, .2 
Av. 97. 1 . 76. ,0 67. ,5 80. ,7 81. ,8 88. ,2 96, .4 
3 I 85. ,0 70. 7 53. 7 61. ,2 79. 6 68. ,0 76. 2 
II 65. .3 83, ,6 59. .6 54. ,4 65. ,3 73. ,4 86. ,4 
III 57. 8 82. ,3 76. 8 80. ,2 74. 8 80. 9 74. ,8 
Av. 69. 4 78. ,9 63. 4 65. 3 73. 2 74. 1 79. 1 
4 I 62. ,6 62. ,6 63. ,9 57, ,1 40. 8 52. 4 46. 2 
II 72. 8 66. 0 78. ,9 84. ,3 69. 4 36. ,7 87. 7 
III 83. 6 87. 0 62. 6 68. ,0 67. 3 61. •9 63, ,2 
Av. 73. 0 71. ,9 68. -5 69. 8 59. 2 50. 3 65, ,7 
5 I 37. 4 29. 2 35. 4 22. 4 22. 6 25. ,2 29, .4 
II 34. 7 34. 7 49. 6 27. 2 32. 8 29. 9 54. •4 
III 41, .5 38. 8 28. 6 26. 5 29. 9 31. 3 36. 9 
Av. 37. ,9 34. 2 37. 9 25. 4 28. 4 28. 8 40. ,2 
All I 410. 7 323. 0 287. .2 284. 9 303. 3 314. 8 343. 6 
periods II 366. 0 359. ,2 335. 3 325. 5 358. 6 354, ,7 535. 2 
III 370. 8 387. 1 288. 8 338. 2 339, .3 361. 8 383. 2 
Av. 382. 5 356. 5 303. 8 316. 2 333. 7 343. 7 420, ,6 
46 
leasing more nitrifiable nitrogen than the continuous corn 
check plots. During periods 4 and 5, the amounts of nitrifi­
able nitrogen produced for all treatments were very similar. 
Therefore, it was assumed that all residual nitrogen had been 
exhausted from the higher nitrogen treatments. 
The nitrifiable nitrogen found in the September, 1958 
samples is shown in a similar manner in Table 7. At the end 
of the first 2-week incubation period, considerably more ni­
trogen was found where nitrogen had been supplied in either 
form than where continuous corn had been grown with no nitro­
gen. However, in the second and third 2-week incubation 
periods, the values for the continuous corn check plots went 
up and the values for the other treatments came down. By the 
fourth period, all treatments were yielding similar quanti­
ties of nitrogen. When all periods are summed together, the 
continuous corn check plot values are similar to values for 
the other continuous corn treatments. Some residual nitrogen 
was found, though, in the rotation com plots. 
Although it is not apparent from the nitrification data 
shown, there was a time lag in the occurrence of the peak ni­
trification rate in soils from deeper depths. The maximum 
nitrifiable nitrogen from the 0- to 6-inch layer was obtained 
during the first incubation period. In the case of the 6- to 
12-inch layer, the maximum was obtained during the second 
47 
Table 7. Nitrifiable nitrogen, in pounds per acre, from soils 
sampled in September 1958 to a depth of 2 feet 
Incu- Rotation corn Continuous corn 
bation Field treatments treatments 
period rep. 3 4 3 5 6 7 8 
1 I 125.1 125.8 112.2 125.1 167.3 146.9 160.5 
II 199.9 197.7 148.9 117.6 141.4 146.2 169.3 
III 159.8 224.4 108.8 160.5 171.4 193.8 176.1 
Av. 161.6 182.6 123.3 134.4 160.0 162.3 168.6 
2 I 117.3 137.7 127.5 123.4 133.6 96.9 105.1 
II 148.9 110.8 135.3 117.3 108.5 123.1 104.0 
III 151.0 123.1 129.9 137.4 121.7 143.5 109.5 
Av. 139.1 123.9 130.9 126.0 121.3 121.2 106.2 
3 I 127.2 118.3 158.4 135.3 122.4 108.1 125.1 
II 127.8 148.9 161.0 107.4 133.8 135.3 157.1 
III 139.4 128.5 131.9 128.2 134.6 123.8 102.0 
Av. 131.5 131.9 150.4 123.6 130.3 122.4 128.1 
4 I 93.8 94.5 78.2 71.4 75.1 61.9 74.8 
II 79.6 83.6 79.6 80.2 78.9 74.8 71.4 
III 80.2 85.0 78.2 84.3 78.2 76.2 72.8 
Av. 84.5 87.7 78.7 78.6 77.4 71.0 73.0 
All 
periods I 463.4 476.3 476.3 455.3 498.4 413.8 465.5 
II 556.2 541.1 524.8 422.6 462.6 479.4 501.8 
III 530.4 561.0 448.8 510.3 505.9 537.2 460.4 
Av. 516.7 526.1 483.3 462.7 489.0 476.8 475.9 
period. The maximum occurred during the third and fourth in­
cubation periods in the case of the 12- to 18-inch and 18- to 
24-inch layers. No evidence was obtained to explain why this 
occurred. 
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The amount of nitrogen extracted from the 0- to 2-foot 
layer of soil with oats grown in the greenhouse is shown in 
Table 8. This table contains the data for samples taken each 
of the 2 years. The average data for the 1957 samples show 
that the nitrogen obtained from the continuous corn check 
plots exceeds that obtained from any of the others except 
treatment 8 of continuous corn. Examination of the data for 
the different replications indicate that contamination of the 
soils from treatment 3 of replicate I must have occurred. 
Also, the data for replicate II shows little residual nitro­
gen except in the case of treatments 7 and 8 of continuous 
corn. 
The data obtained in the greenhouse from 1958 soil sam­
ples shows much more uniformity between replications. In 
this case, sufficient soil was taken from the continuous corn 
check plots so that additional treatments could be applied in 
the greenhouse as indicated. The average nitrogen uptake per 
acre from the continuous corn check plot soils (treatment 3, 
with and without added nitrogen in the greenhouse) was plotted 
against the nitrogen added to the soils in the greenhouse. 
The residual nitrogen from all other field treatments was de­
termined by the resulting linear equation. The equation de­
rived was as follows: 
9 = 150.8 + 0.840 X 
Table 8. Pounds of nitrogen per acre extracted from soil with oats grown in the 
greenhouse3 
Rotation corn Continuous corn treatments 
Field 
rep. 
treatments 3 5 6 7 8 O 
Mg.N/pot added in greenhouse 
j# (V 1Ô0 130 5TTÎT— 
Soils sampled in Sept., 1957 
I 151.0 153.4 292.3 130.1 156.9 157.1 330.8 
II 145.7 145.9 156.4 121.7 135.6 205.1 319.2 
III 142.6 182.3 96.3 143.5 131.6 179.1 321.2 
Av. 146.4 160.5 181.7 131.8 141.4 180.4 323.7 
Soils samples in Sept., 1958 
I 136.6 166.1 154.7 144.5 165.3 165.0 220.7 282.2 437.4 602.5 779.0 
II 175.2 179.8 175.5 139.1 160.0 184.8 261.4 309.7 491.9 683.5 770.1 
III 176.0 190.7 148.0 187.7 181.4 184.7 220.8 301.4 536.4 622.5 889.7 
Av. 162.6 178.9 159.4 157.1 168.9 178.2 234.3 299.8 488.6 636.2 812.9 
^The data are shown by field replicates. Each figure is an average of three 
greenhouse replicates. 
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where X is the nitrogen added per acre 2 feet. The correla­
tion coefficient was 0.989 and highly significant. 
The amount of nitrogen found in excess of the continuous 
corn check plot values (treatment 3) for the different pro­
cedures, are shown in Tables 9 and 10. The values were ob­
tained by subtracting the amounts for the continuous corn check 
plots from the values obtained for the other treatments. One 
exception was procedure 3 in Table 10, where the residual ni­
trogen was determined with the linear equation mentioned above. 
The spring nitrate values, shown as procedure number 6 in Tables 
9 and 10 are listed only for continuous corn. As mentioned 
earlier, these values are a correction for previous applications 
of fertilizer. 
The estimated nitrogen supplied by the different treat­
ments in 1957 is shown in Table 11. Comparison number 1 in­
cludes the nitrifiable nitrogen determined in the laboratory and 
excludes the greenhouse procedure of measuring residual nitro­
gen. Each value was arrived at by adding together the nitrate 
nitrogen found in the 0- to 5-foot soil profile in the fall, 
the nitrifiable nitrogen from the 0- to 2-foot layer in the 
fall, the nitrogen in the stover and grain, and then subtract­
ing, in the case of continuous corn, the nitrate nitrogen found 
in the soil profile in the spring. That is, procedures 1, 2, 
4, and 5 of Table 9 were added together and then procedure 6 
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Table 9. Pounds of nitrogen per acre in excess of check plot 
values for 1957* 
Field 
rep. and Rotation corn Continuous corn 
oro- treatments treatments 
cedure 3 4 5 6 7 8 
1. Nitrate nitrogen in the fall ( 0-5 feet 
Ï -Ô.5 2.9 -2.5 -0.5 25.7 354.3 
II 9.5 4.7 3.4 9.5 47.2 295.8 
III 3.8 13.6 2.1 5.8 37.8 349.6 
Av. 4.3 7.1 1.0 4.9 36.9 333.2 
2. Nitrifiable nitrogen in the fall, 10 weeks incubation, 0-2 ft. 
I 123.5 35.8 -2.3 16.1 27.6 56.4 
II 30.7 23.9 -9.8 23.3 19.4 199.9 
III 82.0 98.3 49.4 50.5 73.0 94.4 
Av. 78.7 52.7 12.4 29.9 39.9 116.8 
3. Residual nitrogen in fall with greenhouse technique, 0-2 ft. 
I -141.3 -138.9 -162.2 -135.4 ' -135.2 38.5 
II -10.7 -10.5 -34.7 -20.8 48.7 162.8 
III 46.3 86.0 47.2 35.3 82.8 224.9 
Av. -35.3 -21.2 -49.9 -40.3 -1.3 142.0 
4. Nitrogen in stover 
I 78.1 55.0 26.5 4.6 81.4 64.7 
II 24.3 77.4 30.7 65.8 ~ 79.4 80.3 
III 74.1 51.8 25.1 43.0 66.9 97.6 
Av. 58.8 61.4 27.4 37.8 75.9 80.9 
5. Nitrogen in grain 
I 63.2 66.9 38.9 35.7 58.6 55.2 
II 40.8 48.9 9.6 43.1 33.8 57.6 
III 70.3 82.0 32.2 57.2 74.3 61.4 
Av. 58.1 65.9 26.9 45.3 55.5 58.1 
6. Nitrate nitrogen in the spring, 0-5 feet 
7.4 -4.1 14.9 336.6 
II —— —— 9.5 6.1 74.1 349.5 
III — -- -5.4 0.7 24.5 303.3 
Av. 3.9 0.9 37.9 329.8 
7. Nitrate nitrogen in the fall , 2-5 feet 
I -2.7 -2.7 -2.7 -2.7 -2.7 168.0 
II 0.0 0.0 0.0 0.0 8.8 191.1 
III 0.0 0.0 0.0 0.0 2.7 211.4 
Av. -0.9 -0.9 -0.9 -0.9 3.0 190.2 
Continuous corn treatment 3 considered as check plot. 
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Table 10. Pounds of nitrogen per acre in excess of check 
plot values for 1958a 
Field 
rep.and Rotation corn Continuous corn 
pro- treatments treatments 
cedure 3 4 5 6 7 8 
I 2.5 -0.5 0.4 7.5 20.3 349.7 
II 12.9 4.7 0.9 4.3 48.5 389.6 
III 3.8 4.3 -1.6 16.7 36.9 448.0 
Av. 6.6 3.0 -0.2 9.6 35.4 395.9 
I -12.9 0.0 -21.0 22.1 -62.5 -10.8 
II 31.4 16.3 -102.2 —62.2 -45.4 -23.0 
III 81.6 112.2 61.5 57.1 88.4 11.6 
Av. 33.4 42.8 -20.6 5.7 -6.5 -7.4 
3. Residual nitrogen in fall with greenhouse technique 
I -16.9 18.2 -7.5 17.3 16.9 83.2 
II 29.0 34.5 -13.9 11.0 40.5 131.7 
III 30.0 47.5 43.9 36.4 40.4 83.3 
Av. 14.0 33.5 7.5 21.5 32.6 99.4 
4. Nitrogen in stover 
I 19.4 25.1 24.7 31.0 79.7 60.1 
II 0.2 6.4 4.4 21.7 45.1 69.0 
III 0.0 10.2 16.3 20.5 24.6 54.7 
Av. 6.5 13.9 15.1 24.4 49.8 61.2 
5. Nitrogen in grain 
I 49.2 45.8 27.6 43.0 110.8 103.8 
II 17.4 41.8 17.4 42.6 83.9 99.3 
III 27.2 58.7 26.1 34.7 74.9 114.4 
Av. 31.3 48.8 23.7 40.1 89.9 105.9 
6. Nitrate nitrogen in the spring, 0« •5 ft. 
I 3.4 8.2 S3.8 443.4 
II -9.5 —8.1 57.8 380.1 
III -2.1 12.9 48.2 376 .0 
Av. -2.7 4.3 43.3 399.8 
7. Nitrate nitrogen in the fall , 2-6 ft. 
I 0.7 -0.7 1.4 4.8 16.3 318.3 
II 3.4 2.8 0.0 2.1 45.6 310.1 
III 3.4 0.7 -2.7 10.2 32.7 352.3 
Av. 2.5 0.9 -0.5 5.6 31.5 326.9 
"Continuous corn treatment 3 is considered as che< 
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Table 10. (Continued) 
Field 
rep. and Rotation corn Continuous corn 
pro- treatments treatments 
cedure 3 4 5 6 7 8 
8. Nitrifiable nitrogen in fall. 2 weeks incubation. 0-2 ft. 
I 12.9 13.6 12.9 55.1 34.7 48.3 
II 51.0 48.8 -31.3 -7.5 -2.7 20.4 
III 51.0 115.6 51.7 62.6 85.0 67.3 
Av. 38.3 59.3 11.1 36.7 39.0 45.3 
Table 11. Estimated nitrogen supplied by treatments, in pounds 
per acre, 1957 
Rotation corn Continuous corn 
Field treatments treatments 
Comparison rep. 3 4 5 - 6  7 8 
1. Where residual nitrogen was measured as nitrifiable ni­
trogen during 10 weeks of incubation 
I 264.3 160.6 53.2 60.0 178.4 194.0 
II 105.3 154.9 24.4 135.6 105.7 284.1 
III 230.2 245.7 114.2 155.8 227.5 299.7 
Av. 199.9 187.1 63.9 117.1 170.5 259.3 
2. Where residual nitrogen was measured by growing an oat crop 
I -2.7 -19.7-106.9 -93.7 -12.8 -10.2 
II 54.4 115.8 -3.9 82.0 96.6 142.3 
III 190.7 219.8 109.9 134.8 202.2 292.0 
Av. 80.8 105.3 -0.3 41.0 95.3 141.4 
Av., rep. II and III 122.6 167.8 53.0 108.4 149.4 217.2 
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was subtracted. Comparison number 2 was arrived at by adding 
together the residual nitrogen determined by the greenhouse 
technique, the nitrogen in the stover and grain, the nitrate 
nitrogen found in the 2- to 5-foot soil layer in the fall, and 
subtracting, in the case of continuous corn, the nitrate nitro­
gen found in the soil profile in the spring. In this case, 
procedures 3, 4, 5 and 7 of Table 9 were added together and 
procedure 6 was subtracted. In the first comparison for 1957, 
it is estimated that the rotation corn treatments 3 and 4 
have provided 199.9 and 187.1 pounds of nitrogen, respectively. 
The values obtained for the continuous corn treatments range 
from 63.9 to 259.3 pounds of nitrogen, which is somewhat higher 
than the 30 to 240 pound range actually applied. The average 
values obtained in the second comparison are considerably lower 
than those in the first comparison. This is largely due to 
the negative values in replicate I where contamination of the 
check plot soil was suspected. If averages of only replicate 
I and II are considered, it appears that rotation corn treat­
ments 3 and 4 provided 122.6 and 167.8 pounds of nitrogen, 
respectively. In this case, the values for continuous corn 
are not far different than in the first comparison. 
The estimated nitrogen supplied by different treatments 
in 1958 is shown in Table 12. Three comparisons are given 
which were calculated in the same manner as those for Table 11. 
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The first is where the nitrifiable nitrogen during 8 weeks of 
incubation was included and the second includes nitrifiable 
nitrogen after only 2 weeks incubation. Both of these com­
parisons are shown because of the unexpected increase in 
nitrifiable nitrogen from the continuous corn check plots 
after the first 2-week incubation period. Because of this, 
the values in comparison 1 are lower than in comparison 2. 
The estimated nitrogen supplied by the various treatments in 
comparison 3 includes the residual nitrogen obtained by the 
greenhouse procedure. 
In comparing the different methods of Table 12, the es­
timated nitrogen supplied by the legume, where no additional 
nitrogen was applied, varied from 54.3 to 82.5 pounds per 
acre in 1958. Where 30 pounds of fertilizer nitrogen were 
applied to rotation corn, the estimated nitrogen supplied by 
the treatment varied from 97.0 to 124.8 pounds of nitrogen. 
The estimated values for treatments 5, 6, and 7 of continuous 
corn in comparisons 2 and 3 are again higher than the actual 
treatments applied. The estimated values for treatment 8 are 
lower than the 240 pounds of nitrogen actually applied. 
In examining the estimates in comparison 1 and 2 of 
Table 11 and comparisons 2 and 3 of Table 12, it is noted 
that each set of comparisons contain similar values for the 
continuous corn treatments. However, the estimates of nitro-
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Table 12. Estimated nitrogen supplied by treatments, in 
pounds per acre, 1958 
Rotation corn Continuous corn 
Field treatments treatments 
Comparison rep. 3 4 5 6 7 8 
1. Where residual nitrogen was measured as nitrifiable ni­
trogen during 8 weeks of incubation 
I 58.2 70.4 28.3 95.4 124.5 59.4 
II 61.9 69.2 -70.0 14.5 74.3 154.8 
III 112.6 185.4 104.4 116.1 176.6 252.7 
Av. 77.6 108.3 20.9 75.3 125.1 155.6 
2. Where residual nitrogen was measured as nitrifiable ni­
trogen during 2 weeks of incubation 
3. When 
crop 
I 84.0 84.0 62.2 128.4 221.7 118.5 
II 81.5 101.7 0.9 69.2 117.0 198.2 
III 82.0 188.8 94.6 121.6 173.2 308.4 
Av. 82.5 124.8 52.6 106.4 170.6 208.4 
isidual nitrogen was measured by growing an oat 
I 52.4 88.4 42.8 87.9 199.9 122.0 
II 50.0 85.5 17.4 85.5 157.3 230.0 
III 60.6 117.1 85.7 88.9 124.4 228.7 
Av. 54.3 97.0 48.6 87.4 160.5 193.6 
gen available from the legume crop vary considerably with the 
different years. Much more nitrogen was available to the ro­
tation com in the 1957 season when moisture conditions were 
near optimum for that cropping system. 
C. The Efficiency of the Two Nitrogen Sources 
In order to compare the efficiency of the two nitrogen 
sources, the average treatment yields of corn in both crop­
ping systems were plotted against the estimated nitrogen 
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supplied. This was done for each of the comparisons shown 
in Tables 11 and 12. Curvilinear regression functions, con­
sisting of second degree equations, were fitted to the con­
tinuous corn data.1 Then, 95% confidence belts were calcu­
lated for the regression lines. The yield response from the 
meadow crop was considered to be a function of nitrogen if 
the points for the rotation corn fell within the confidence 
limits of the continuous corn regression line. If benefits 
other than nitrogen were derived from the legume, it was as­
sumed that these points would fall outside of the confidence 
limits. 
The 1957 data, which includes the nitrifiable nitrogen 
from a 10-week incubation period, is shown plotted in Figure 
7. The continuous corn regression equation has an value 
of 0.994 and the points for the rotation corn treatments are 
within the confidence belts, although one point is very near 
the upper range of the confidence limit. 
The data for the 1957 season Which includes the residual 
nitrogen obtained by the greenhouse procedure is plotted in 
Figure 8. However, the points are averages of only two 
replications. The data from replication I was not included 
because of its unrealistic nature. The regression equation 
*The regression analysis was done under the direction of 
Dr. Herbert T. David, Statistics Department, Iowa State Uni­
versity of Science and Technology, Ames, Iowa. 
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Figure 8. Cora yields for 1957 vs. estimated nitrogen sap-
plied (residual nitrogen measured by greenhouse 
procedure; regression equation for continuous 
corn only; data for replicate I not included) 
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2 for continuous corn has an R value of 0.997. In this case, 
one point for the rotation corn is on the upper confidence 
limit and the other is just above the 95% confidence limit. 
However, the individual 95% confidence limits for a single 
treatment are equal to 
7 Î 9.9 bushels 
where Y is the mean yield for a single treatment. Therefore, 
the confidence limits for the individual rotation corn treat­
ments overlap the 95% confidence belt for the continuous com 
regression line. There is an indication, though, that in 
this case there may be some other beneficial effect from the 
legume rotation than nitrogen. 
The three comparisons for the 1958 season are shown in 
Figures 9, 10, and 11. Data including the nitrifiable nitro-
gen over an 8-week period are shown in Figure 9. The R value 
for the regression equation is 0.959; however the 95% confidence 
limits are quite wide. The points for the rotation corn fall 
well within the confidence limits and are below the continu­
ous corn regression line. A closer fitting regression equa­
tion is obtained when the nitrifiable nitrogen from only a 
2-week period is included. This is shown in Figure 10. The 
R2 value for the regression equation is 0.991 which is larger 
than where 8 weeks of nitrifiable nitrogen were included. 
The points for the rotation corn are nearer the regression 
line and well within the confidence limits which are also 
J 
i 61 
140 
120 
m loo 
cr 
o 80 
u_ 
o 
5 60 
LJJ 
> 
40 
20 
1 / 1 1 1 1 
/ 
/ 
/ 
0/ 
/ 
/ 
/ _ ROTATION C0RN: ( * ) 
/ CONTINUOUS CORN; (o) 
- / X 
/ 0 
Y = 30.0 + 1.141 N-.002605 N8 
/ R2 = .959 
95% Confidence bel t  : : i :  
X 
o / 
/ 
• / z 
/ 
/ 
/ 
/ 
/ 
- / / 
/ 
/ 
/ 
/ 
i i i 
0 50 100 150 200 
ESTIMATED N SUPPLIED (LBS./A.) 
Figure 9. Corn yields for 1958 vs. estimated nitrogen sup­
plied (residual nitrogen measured by incubation 
for 8 weeks; regression equation for continuous 
corn only) 
62 
140. 
120 
m loo 
C J  80 
60 
ROTATION CORN (x) 
CONTINUOUS CORN: (o) 
40 Y= 22.2 + 84O2N -.001188N 
Rz ?.99| 
95% Confidence belt 
20 
0 200 150 100 50 
ESTIMATED N SUPPLIED (LBS./A.) 
Figure 10. Corn yields for 1958 y&s estimated nitrogen sup­
plied (residual nitrogen measured by incubation 
for 2 weeks; regression equaiibti for dibi^tiatioes 
corn only) 
63 
O no 
/ ROTATION CORN'(X) 
CONTINUOUS CORN = (o) 
Y=2I.3 + 1.0094N -.00I9I8N* 
Rz = .999 
95% Confidence bel t  p 
0 50 100 150 200 
ESTIMATED N SUPPLIED (LBS./A.) 
Figure 11. Cora yields for 1958 vs. estimated aitrogea sup­
plied (residual aitrogea measured by greeahouse 
procedure; regressiea equation for coatiauous 
cora oaly) 
64 
closer together. 
The final comparison of this nature is shown in Figure 
11 where the 1958 data, including residual nitrogen deter-
2 
mined by the greenhouse procedure, are plotted. The R value 
for the continuous corn regression equation is 0.999. The 
points for rotation corn are very close to the regression 
line and are well within the 95% confidence limits. 
The results of the chemical analysis of corn leaves 
sampled each season at silking time are shown in Table 13. 
The 1957 leaf nitrogen content of the rotation corn and also 
the continuous corn with 60 or more pounds of added fertilizer 
nitrogen, exceeds the critical levels established by Tyner 
(51), Bennett, et al. (5), and Dumenil (15). Tyner (51) 
defined the critical level as that concentration of a nutri­
ent which is just adequate for maximum growth. He proposed 
that 2.9% was the critical level in the corn leaf for nitrogen 
0.295% for phosphorus, and 1.3% for potassium. Bennett, et SL 
(5) found that when the nitrogen percentage in the corn leaf 
reached the level of approximately 2.8, further increases did 
not appear to affect corn yields. Dumenil (15) found the 
nitrogen and phosphorus percentages of the leaf at maximum 
yield to be 3.16 and 0.338, respectively. 
Only one treatment exceeded the critical nitrogen level 
in 1958. This was the highest nitrogen treatment on continu-
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oes corn. In comparison to the critical levels for phosphorus 
and potassium mentioned above, these nutrients appear to have 
been adequately supplied, except for phosphorus in 1958. The 
levels of phosphorus in the 1958 rotation corn and the con­
tinuous corn with low nitrogen treatments, are somewhat below 
the critical levels. 
Since the leaf nitrogen percentages of the 1958 rotation 
corn and five treatments of the continuous corn were below the 
established critical levels, another opportunity of testing 
the efficiency of the two nitrogen sources was available. 
The yield of corn was plotted against the percent nitrogen in 
the corn leaf as shown in Figure 12. A linear regression 
function was fitted to the continuous corn data and 95% con­
fidence limits were established. The correlation coefficient 
is 0.979 and highly significant. The point for the 240 pound 
nitrogen treatment is not included since the nitrogen content 
is far above the critical percentage. The points for the ro­
tation corn are well within the confidence limits, which in­
dicates that the response to the legume crop is due to nitro­
gen. 
In conclusion, it appears that the response to the meadow 
crop in the corn, oats, meadow rotation has been primarily 
due to nitrogen fixed by the legume. The data for the 1957 
season show that the yields for rotation corn are consistently 
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above the regression line for continuous corn when yields of 
both are plotted against the estimated nitrogen supplied. In 
one instance, the yield of a rotation corn treatment was just 
outside the 95% confidence belt for the continuous corn re­
gression line. Aside from nitrogen, one additional benefi­
cial factor for the 1957 rotation corn was measured. This 
was the additional soil moisture available, which was approxi­
mately 2 inches more than in the case of the high fertility 
continuous corn treatments. This could easily explain the 
additional yield response. 
In 1958 there was no difference between cropping systems 
in the amount of moisture available. In this case, the yields 
for rotation corn are well within the 95% confidence belt for 
the continuous corn regression line when all yields are plotted 
against the estimated nitrogen supplied. Where the residual 
nitrogen determined by the laboratory incubation procedure 
was used in the calculations (Figures 9 and 10), the yields 
of rotation corn are somewhat below the continuous corn re­
gression line. Yet, where the greenhouse procedure was used 
to measure residual nitrogen (Figure 11), the yields of rota­
tion corn fall nearly on the continuous corn regression line. 
Similarly, where the yield of corn was plotted against the 
percent nitrogen in the corn leaf, the rotation corn yields 
fall well within the 95% confidence belt. 
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Table 13. Per cent nitrogen, phosphorus, and potassium in 
corn leaves 
Treatment 
1957 " 1958 
%N %P %K %N %P %K 
Rotation corn 
3 3.27 0.39 2.03 1.97 0.26 2.35 
4 3.57 0.43 2.02 2.33 0.27 2.29 
Continuous corn 
3 2.72 0.39 1.84 1.73 0.27 2.44 
4 2.78 0.38 1.89 1.57 0.25 2.49 
5 2.85 0.38 1.75 2.00 0.28 2.31 
6 3.27 0.38 1.72 2.43 0.30 2.23 
7 3.53 0.38 1.71 2.98 0.34 2.10 
8 3.10 0.38 1.66 3.70 0.40 2.03 
D. Total Carbon and Nitrogen Determinations 
The percent carbon was determined on 0- to 6-inch and 
6- to 12-inch soil layers of treatments 3 and 4 of 1957 and 
1958 rotation corn and treatments 3, 5, 6, 7, and 8 of con­
tinuous corn sampled in 1958. Analysis was also made of the 
soil taken from the continuous corn treatment 3 in the fall 
of 1953 which was 2 years after the experiment was initiated. 
Earlier samples were not available. The values for the 1953 
and 1958 samples are plotted in Figure 13. 
The percent carbon in both layers shows that high rates 
of nitrogen-applied to continuous corn has increased carbon 
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Figure 13. Percent carbon in soil nitrogen applied 
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levels over the 1953 check plot levels. The levels for the 
rotation corn plots in 1958 are intermediate between the 1958 
highly fertilized continuous corn and the 1953 check plot 
levels. The carbon percentages of the 1958 continuous corn 
with 0 and 30 pounds of nitrogen applied annually are slightly 
below the 1953 check plot level in the 0- to 6-inch layer. 
Yet, in the 6- to 12-inch layer, these 1958 continuous corn 
treatments are considerably higher than the 1953 check plot 
level. The carbon level of all continuous corn plots has been 
increased more in the 6- to 12-inch layer than in the surface 
layer. It is estimated that the residues have been plowed 
under to a depth of approximately 8 inches. Although some 
mixing of residues occurs in plowing, it is conceivable that 
a greater than proportional amount would be placed in the 
deeper layer. The data for the percent carbon determinations 
and the available stover yields for the different years are 
presented in the Appendix in Tables 22 and 19, respectively. 
The carbon data from the 0- to 6-inch and 6- to 12-inch 
layers was combined into one analysis of variance and is 
shown in Table 14. The overall treatment effect was signifi­
cant at the 5% level. Individual treatment comparisons showed 
that the continuous corn check plot values of both 1953 and 
1958 were significantly different, at the 1% level, from the 
1958 values for the high nitrogen treatments on continuous 
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Table 14. Analysis of variance of per cent carbon in the 
0- to 6 and 6- to 12-inch layers of soil 
Source of Degrees of Mean 
variation freedom square 
Total 59 
Replications 2 0.0272 
Treatments 9 0.0298* 
C.C.3, 1953 vs. C.C.6, 7, 8, 1958» 0.1352** 
C.C.3, 1953 vs. R.C.3, 4, 1958 0.0121 
C.C.3, 1953 vs. R.C.3, 4, 1957 0.0141 
R.C.3, 4, 1957 vs. R.C.3, 4, 1958 0.0001 
R.C.3, 4, 1958 vs. C.C.6, 7, 8, 1958 0.1008** 
Linear effect, C.C., 1958 - 0.0913** 
Quadratic effect, C.C., 1958 0.0360 
C.C.3, 1958 vs. C.C. 6, 7, 8, 1958 0.1152** 
Error a 18 0.0104 
Layers 1 5.7104** 
Error b 2 0.0015 
Treatment x layers 9 0.0167* 
Error c 18 0.0054 
*C.C. is an abbreviation for continuous corn, R.C. for 
rotation corn. 
•Exceeds the 5% level of significance. 
**Exceeds the 1% level of significance. 
corn. The linear effect of the nitrogen rates on 1958. carbon 
levels of continuous corn plots was significant at the 1% 
level. The comparison of the 1958 rotation corn with the 1958 
continuous corn with high nitrogen treatments is also signifi­
cant at the 1% level. There is a highly significant differ­
ence in carbon content in the different layers and also a 
significant interaction between treatments and layers. 
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The results of the total soil nitrogen determinations 
summed over the 0- to 2-foot layer are shown in Figure 14. 
The high nitrogen fertilizer rates applied to continuous corn 
increased the total nitrogen content above either the 1953 or 
195& check plot value. The values for the rotation corn were 
again intermediate between the two. The analysis of variance 
of the total nitrogen data is shown in Table 15. The overall 
treatment effect was not significant; however, some individual 
comparisons were significantly different. The comparison of 
the 1953 continuous corn check plot value with the 1958 con­
tinuous corn receiving high rates of fertilizer nitrogen was 
significant at the 5% level. A similar comparison between 
the 1958 check plot and the 1958 high fertility continuous 
corn was significant at the 1% level. The linear effect of 
the nitrogen rates on 1958 nitrogen levels of continuous corn 
plots was significant at the 1% level. The total nitrogen 
values obtained are shown in Table 23 of the Appendix. 
The majority of the carbon-nitrogen ratios, listed for 
the various treatments in Table 16, range between 11 and 12. 
The analysis of variance of these ratios showed that the dif­
ference between the ratios of the rotation corn plots for 
either 1957 or 1958 and those of the 1958 continuous corn was 
significant at the 1% level. However, certain assumptions 
are made in the analysis of variance which may not be valid 
when working with ratios such as these. Nevertheless» the 
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Figure 14. Total nitrogen in soil vs. nitrogen applied 
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Table 15. Analysis of variance of total nitrogen of soil 
in the 0- to 2-foot layer 
Source of Degrees of Mean 
variation freedom square 
Total 29 
Replications 2 
Treatments 9 
C.C.3, 1953 vs. C.C.6,7,8, 1958* 
C.C.3, 1953 vs. R.C.3,4, 1958 
C.C.3, 1953 vs. R.C.3,4, 1957 
R.C.3,4, 1957 vs. R.C.3,4, 1958 
R.C.3,4, 1958 vs. C.C.6,7,8, 1958 
Linear effect, C.C., 1958 
Quadratic effect, C.C., 1958 
C.C.3, 1958 vs. C.C.6,7,8, 1958 
Error 18 
308,335 
159,649 
464,215* 
82,012 
125,167 
6,816 
228,111 
861,908** 
101,726 
804,310** 
83,050 
*C.C. and R.C. are abbreviations for continuous corn and 
rotation com, respectively. 
•Exceeds the 5% level of significance. 
**Bxceeds the 1% level of significance. 
Table 16. Carbon-nitrogen ratios 
Rotation corn Continuous corn 
1957 1958 1958 1953 
Treatment 0-6* 6-12 0-6 6-12 0-6 6-12 0-6 6-12 
3 11.3 11.3 11.-2 11.7 11.8 12.1 11.5 11.6 
4 11.3 11.1 10.7 11.3 
5 — WW — — 11.8 12.2 •» 
6 11.6 11.6 — 
7 11.9 11.5 — 
8 11.4 11.7 --
aDepth in inches. 
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ratio appears to have widened where continuous corn has been 
grown. 
À study was made of nitrogen gain or loss while growing 
continuous corn with the different fertilizer nitrogen appli­
cations. The time period covered was from the fall of 1953 
until the fall of 1958. The soil nitrogen analyses previously 
discussed were used. In addition, samples of the grain re­
moved each year and also the 1958 stover, which was not in­
corporated with the soil at the time of sampling, were analyzed 
for nitrogen content. To establish an estimate of the total 
nitrogen available for each treatment, the total amounts of 
nitrogen applied during the period of five years was added to 
the total nitrogen level of the check plot in 1953. This esti­
mate is represented by the straight line in Figure 15. The 
other line represents the soil nitrogen levels of the various 
treatments in the fall of 1958 in addition to the amount of 
nitrogen removed in the crops during the five seasons. It 
was expected that the latter values would fall below the 
straight line, showing an area of nitrogen which could not be 
accounted for. However, this occurred only at the highest 
fertilizer rate and, instead, a rather large gain in nitrogen 
is shown for some treatments as the figure is drawn. 
Several explanations may be offered. One is that the es­
timate of total nitrogen available, the straight line in 
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Figure 15, does not allow for an initial build-up of soil 
nitrogen which could have occurred in the high fertility plots 
after the first two seasons (1952 and 1953). In addition, the 
plots with the higher fertility treatments may have contained 
more total nitrogen originally. Finally, nonsymbiotic nitro­
gen fixation may have occurred, although nitrogen from this 
source is generally considered to be a rather small amount. 
The results of the total carbon and total nitrogen analysis 
lead to the conclusion that the organic matter levels of this 
soil have been increased while growing continuous corn with 
high rates of nitrogen fertilizers. The carbon and nitrogen 
levels of the 1958 rotation corn plots were also higher than 
the 1953 levels; however, the differences were not significant. 
The carbon levels of 1958 samples from the highly fertilized 
continuous corn plots were significantly higher than the 
carbon level of soils from either the 1958 rotation corn 
plots, the 1958 continuous corn check plots, or the continuous 
corn check plots sampled in 1953. The only significant com­
parisons in the total nitrogen statistical analysis were the 
comparisons between the continuous corn check plot values for 
either 1953 or 1958 and the 1958 continuous corn plots which 
received high rates of nitrogen fertilizer. In addition, the 
carbon-nitrogen ratios appear to be slightly larger where 
continuous corn has been grown than where a rotation of corn, 
oats, and meadow was established. 
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V. SUMMARY 
The objectives of this study were (a) to determine the 
amount of nitrogen furnished by a meadow crop in a corn, oats, 
meadow rotation, (b) to determine if the corn yield response 
to a meadow crop is due solely to the nitrogen furnished by 
the meadow, and (c) to evaluate the effect of two cropping 
systems (continuous corn and a corn, oats, meadow rotation) on 
total carbon and nitrogen. 
A. The Field Experiment 
The study was conducted on a "long-time" experiment es­
tablished on the Southern Iowa Expérimental Farm in 1952. The 
soil is an Bdina silt loam, a Planosol formed from loess under 
grass on flat upland divides. It is poorly drained because of 
the flat topography and high clay content of the B horizon. 
The field experiment contained two cropping systems with 
variable fertility treatments. Corn was grown in a corn, oats, 
meadow rotation with 0 and 30 pounds of nitrogen per acre and 
grown continuously with 0, 30, 60, 120, and 240 pounds of nitro­
gen applied per acre. The treatments considered in this study 
were those witn uniform phosphorus and potassium applications. 
Average yields for the 1954-59 period showed that rotation 
corn with no additional fertilizer nitrogen has yielded the. 
same as continuous corn with 89 pounds of fertilizer nitrogen. 
Rotation corn with 30 pounds of fertilizer nitrogen has yielded the 
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same as continuous corn with 108 pounds of nitrogen added. 
Where higher rates of nitrogen were applied to continuous corn, 
the yields exceeded those obtained in the corn, oats, meadow 
rotation. 
This study involves an evaluation of the nitrogen supplied 
to the two cropping systems during the 1957 and 1958 seasons. 
In 1957, the rotation com bad the advantage of approximately 
2 inches more available moisture in the soil at the beginning 
of the season than did the high fertility continuous corn plots. 
The yield obtained for rotation corn with no added nitrogen 
was 116.8 bushels, whereas the maximum yield for continuous 
corn with added nitrogen was 108 bushels, obtained with 156 
pounds of nitrogen. , 
In 1958, the available soil moisture in the spring was 
similar for both cropping systems and the soil was excessively 
wet during most of July and August due to frequent rains. Con­
tinuous corn, adequately fertilized with nitrogen, yielded 
considerably more than the rotation corn with no nitrogen. The 
maximum calculated yield of continuous corn was 128 bushels, 
obtained with 215 pounds of nitrogen. Rotation corn with no 
nitrogen fertilizer yielded 70.5 bushels. This was equivalent 
to continuous com with 48 pounds of added nitrogen. 
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B. The Determination of Nitrogen Supplied 
by Treatments 
An estimate of nitrogen supplied by treatments in each 
cropping system was derived. This was done by measuring the 
nitrogen in the crop and also the residual nitrogen left in 
the 0- to 2-foot soil layer in the fall of each season. The 
latter was done both with laboratory and greenhouse procedures. 
In addition, determinations for nitrate nitrogen were made on 
soils sampled to a depth of 5 or 6 feet in the spring and fall 
of each season. Only that amount of nitrogen found in the fall 
which was in excess of that found in the spring, was included 
in the estimates of continuous corn treatments. 
Estimates of the amounT"Df nitrogen provided by the meadow 
crop ranged from 122.6 to 199.9 pounds per acre in 1957 and 
from 54.3 to 82.5 pounds per acre in 1958. Where 30 pounds of 
fertilizer nitrogen were added to the rotation corn, the esti­
mates of nitrogen provided to the crop varied from 167.8 to 
187.1 pounds per acre in 1957 and from 97.0 to 124.8 pounds 
per acre in 1958. The estimates of the continuous corn treat­
ments, where<30, 60, and 120 pounds of nitrogen were applied, 
were usually higher than the actual treatments. Where 240 
pounds of nitrogen were applied to continuous corn, the esti­
mates were usually lower. 
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C. The Efficiency of the Two Nitrogen 
Sources 
In order to compare the efficiency of the two nitrogen 
sources, the average treatment yields were plotted against the 
estimated nitrogen supplied. The regression of yield on esti­
mated nitrogen supplied by the continuous com treatments was 
calculated and a 95% confidence belt for the regression line 
was established. The yield response from the meadow crop was 
considered to be a function of nitrogen if the rotation corn 
yields fell within the boundaries of the 95% confidence belt. 
The rotation corn yields were within the confidence belt in 
all cases but one. The exception occurred with one comparison 
of the 1957 data, the year in which the rotation corn had the 
advantage of 2 additional inches of available soil moisture. 
In all other cases, though, the hypothesis that the benefit 
from the meadow crop was due solely to nitrogen, could not be 
rejected. 
Yields of corn obtained in 1958 were also plotted against 
the percent nitrogen of the corn leaves. The 95% confidence 
belt around the continuous com linear regression function in­
cluded points for the rotation com. Again, the hypothesis 
that the benefit from the meadow crop was due solely to nitro­
gen, could not be rejected. 
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D. Total Carbon and Nitrogen Determinations 
Total carbon analysis of the 0- to 6-inch and 6- to 12-
inch layers of soil showed that high rates of nitrogen applied 
to continuous corn had increased carbon levels over the amount 
contained in soils taken from the continuous corn check plots 
in 1953. Levels of carbon in the rotation corn plots in 1957 
and 1958 were intermediate between those of the 1958 highly 
fertilized continuous corn and the 1953 continuous corn check 
plot levels. 
Total nitrogen analysis of soils for the 0- to 2-foot 
layer resulted in conclusions similar to those for the total 
carbon analysis. The total nitrogen observations, where highly 
fertilized continuous corn was grown, were higher than those 
for the continuous corn check plot soils sampled in 1953 or 
1958. The total nitrogen values for the rotation corn plots 
in 1957 and 1958 were again intermediate between the above 
comparisons. 
A study was made of nitrogen gain or loss while growing 
continuous corn with the different fertilizer nitrogen applica­
tions. The recovery of nitrogen in the soil and crops for the 
1953-58 period was compared to the original soil nitrogen level 
combined with total fertilizer nitrogen applied. The data 
show a substantial gain in nitrogen for all treatments except 
the 240 pound nitrogen rate. This unexpected nitrogen gain 
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may have been partially due to the use of the 1953 check plot 
determinations as a base point for all treatments. 
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VI. CONCLUSIONS 
1. Estimates of the amount of nitrogen provided by the 
meadow crop ranged from 122.6 to 199.9 pounds per acre in 1957 
and from 54.3 to 82.5 pounds per acre in 1958. The estimates of 
the continuous corn treatments, where 30, 60, and 120 pounds 
of nitrogen were applied, were usually higher than the actual 
treatments. Where 240 pounds of nitrogen were applied to con­
tinuous corn, the estimates were usually lower than the amount 
actually applied. 
2. The nitrogen from both the legume and fertilizer sources 
which was measured by nutrient uptake and residual nitrogen in 
the soil, appeared to have the same efficiency. Any advantage 
of the meadow crop as a nitrogen source could be explained as 
due to soil moisture. 
3. The carbon and nitrogen content of the soil, where con­
tinuous corn was grown with 60 or more pounds of nitrogen annual­
ly per acre, was higher in 1958 than the amount contained in 
soils taken from the continuous corn check plots in 1953. Levels 
of carbon in the rotation corn plots in 1957 and 1958 were in­
termediate between those of the 1958 highly fertilized continu­
ous corn and the 1953 continuous corn check plot levels. 
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APPENDIX 
I 
Table 17. Crop management information concerning the Legume-Nitrogen Fertilizer 
Nitrogen Experiment 
Crop variety* Harvest areas in square feet Planting dates 
Final 
stands 
corn,stalks/A Year Corn Oats Corn grain Com stover Oats Hay Corn Oats 
1952 AES801 Cherokee 500 — — ». — — — — — —  5/13 5/6 13,817 
1953 n « 460 99.9 150 250 5/15 4/21 15,626 
1954 •» Mo. 0-205 ii ii 146 ii 5/14 4/2 16,061 
1955 " " " 299.7 66.6 u n 5/5 4/9 14,418 
1956 •• « " 450 99.9 it it 5/9 4/2 15,178 
1957 la.Hy.4531 " 249.8 6b ii 200 5/27 3/25 12,632 
1958 AES801 Burnett 299.7 8b ii 250 5/14 3/31 15,406 
1959 " Bonham ii 10b — —  ii 5/28 4/16 15,667 
*The meadow mixture used was as follows: alfalfa, 8 pounds ; red clover, 4 
pounds; timothy, 2 pounds; and alsike clover, 1 pound. 
S^talks per plot. 
i 
Table 18. Yield of corn in bushels per acre 
Treatment 1952 1953 1954 1955 1956 1957 1958 1959 1954-59 av. 
Rotation corn 
1. 0+20+20 35.8 37.8 76.2 89.8 86.7 122.4 63.2 76.7 85.8 
2. 30+20*20 42.4 45.8 82.8 95.3 86.6 116.3 81.2 77.4 89.9 
3. 0+80+20 37.7 37.2 85.8 92.2 92.1 116.8 70.5 71.9 88.2 
4. 30+80+20 49.9 53.3 86.0 88.1 86.1 121.9 98.6 79.9 93.4 
Continuous corn 
1. 0+20+20 40.6 19.9 31.4 39.2 38.8 61.4 23.1 42.1 39.3 
2. 30+20+20 53.9 37.7 55.7 63.6 71.3 80.6 28.4 52.3 58.7 
3. 0+80+20 44.8 18.6 34.2 47.9 44.4 64.7 21.1 41.6 42.3 
4. 30+80+20 53.9 33.5 51.9 57.8 68.5 80.6 29.6 50.1 56.4 
5. 30+80+20 64.9 37.3 57.8 66.4 71.8 94.1 67.8 53.3 68.5 
6. 60+80+20 72.0 53.0 70.7 89.5 85.1 104.6 91.9 62.8 84.1 
7.120+80+20 102.7 64.0 84.9 107.1 89.6 110.1 136.0 89.2 102.8 
8.240+80+20 117.8 67.7 79.7 115.5 82.9 105.2 143.9 99.8 104.5 
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Table 19. Yield of corn stover in tons dry matter per acre 
Treatment 1953 1954 19 55 1956 1957 1958 1959 
Rotation corn 
1. 0+20+20 
2. 30+20*20 
3. 0+80+20 
4. 30+80+20 
2.26 
2.15 
2.16 
2.31 
2.78 
2.66 
2.56 
2.64 
2.26 
2.45 
2.46 
2.35 
1.70 
1.62 
1.94 
1.90 
4.17 
3.85 
2.33 
2.68 
2.41 
2.38 
Continuous corn 
1. 0+20+20 
2. 30+20+20 
3. 0+80+20 
4. 30+80+20 
1.87 
2.23 
2.07 
2.14 
2.04 
2.32 
2.15 
2.33 
2.01 
2.40 
2.13 
2.46 
1.70 
1.65 
1.50 
1.70 
2.80 1.29 
1.80 
2.00 
1.95 
5. 30+80+20 
6. 60+80+20 
7. 120+80+20 
8. 240+80+20 
2.27 
2.21 
2.11 
2.28 
2.59 
2.70 
3.02 
2.53 
2.19 
2.38 
2.57 
2.68 
1.62 
1.78 
1.87 
1.78 
3.65 
3.58 
4.21 
4.18 
2.76 
3.20 
3.85 
3.92 
2.06 
2.62 
3.02 
3.16 
Table 20. Yield of oats in bushels per acre 
Treatment* 1953 1954 1955 1956 1957 1958 1959b 1953-58 
average 
1. 0+40+40 7.6 49.8 43.9 21.2 53.7 74.9 41.9 
2. 0+40+40 8.0 50.9 45.7 19.8 56.0 80.9 43.5 
3. 0+160+40 7.8 50.4 42.4 19.9 54.1 77.2 42.0 
4. 0+160+40 8.5 66.0 43.0 20.4 56.5 80.6 ~• 45.8 
F^ertilizers applied to oat crop. 
O^ats failed due to disease and wetness of season. 
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Table 21. Yield of hay in tons per acre3 
Treatment*3 1953 1954 1955 1956 1957 1958 1959 
1953-59 
average 
1. 0+40+40 2.47 1.87 3.03 0.94 2.51 3.46 2.89 2.45 
2. 0+40+40 2.58 1.83 3.06 0.94 2.48 3.29 2.49 2.38 
3. 0+160+40 2.95 2.33 3.49 0.90 2.68 3.18 2.53 2.58 
4. 0+160+40 3.06 2.28 3.39 1.05 2.61 3.49 2.68 2.65 
*Two cuttings were made each year. 
.^ The fertilizer treatments were applied to the oat crop. 
Table 22. Per cent carbon in soil 
Rotation corn treatments Continuous corn treatments 
Field 1957 1958 1958 
rep. 34 3 4 356 78 
0-6 inch depth 
I 1.91 2.15 1.89 1.90 1.85 1.91 2.02 1.93 2.01 1.97 
II 1.95 2.13 2.20 2.00 1.82 1.86 2.13 2.17 2.10 1.88 
III 1.96 2.10 1.99 1.97 1.93 1.97 2.04 2.11 2.02 1.95 
Av. 1.94 2.13 2.03 1.96 1.87 1.91 2.07 2.07 2.04 1.93 
6-12 inch depth 
I 1.32 1.43 1.05 1.28 1.30 1.41 1.54 1.40 1.33 1.26 
II 1.23 1.21 1.39 1.31 1.50 1.37 1.54 1.52 1.57 1.29 
II 1.33 1.23 1.47 1.45 1.30 1.46 1.53 1.51 1.51 1.27 
Av. 1.29 1.29 1.30 1.34 1.37 1.42 1.53 1.47 1.47 1.27 
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Table 23. Pounds of total nitrogen per acre in soil to a 
depth of 2 feet 
Rotation corn treatments Continuous corn treatments 
Field 1957 1958 1958 1953 
reP« 34 34 356783 
I 7502 8171 6941 7849 7391 7365 8035 7560 7636 7605 
II 7589 7838 8004 7664 7585 7222 8009 8089 8337 7542 
III 7925 7936 8211 8006 7323 7970 8098 8383 8131 7583 
Av. 7672 7982 7718 7840 7433 7519 8047 8011 8035 7577 
96 
IX. ACKNOWLEDGEMENTS 
The author wishes to express his sincere appreciation to 
Dr. W. D. Shrader for the guidance and assistance offered 
during this investigation and during the preparation of this 
manuscript. The author also wishes to thank Dr. J. T. Pesek 
and W. H. Pierre for their helpful suggestions. Gratitude 
is expressed to Dr. J. J. Hanway for the analysis of plant and 
soil samples. 
Special thanks are extended to the author's wife, Margaret, 
for her help and encouragement. 
